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© Quinolone and naphthyridlne antibacterial agents containing an aipha-amino acid In the side chain 
of the 7-substituent 

© Novel quinolone and naphthyridine antibacterial agents of the formula I 
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are herein described having improved in vivo activity both orally and subcutaneously where the 7-side chain 
of such compounds contain an o-amino add; also described are its corresponding optical Isomers, methods 
of preparation as well as pharmaceutical useful intreating Infectious diseases. 
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QUI NO LONE AND NAPHTHYRIDINE ANTIBACTERIAL AGENTS CONTAINING AN a-AMINO ACID IN THE 

SIDE CHAIN OF THE 7-SUBST1TUENT 



7-amtno-€MIuoro- and 7-amino-6,8-difluoro qutnolone-3-carboxylic acids and 7-amino-6-fluoro-l ,8- 
naphthyridine-3-carboxyIic acids are especially known to have potent antibacterial activity especially in vitro 
against gram-negative bacteria. Corresponding 7-amino-pyrrolidinyl-quinolones and naphthyridlnes of the 
above type have shown to extend this potent activity against gram-positive bacteria. Nevertheless, many of 
5 the above compounds do not exhibit potent activity when tested in vivo. It has now been found that by 
adding an a-amino acid to. the known 7-amino substituents, there is surprisingly enhanced in vivo 
antibacterial activity when such compounds are administered both orally and subcutaneousiy. 

Accordingly, the present invention relates to novel quinoiones and naphthyridlnes having the formula 



to 
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20 wherein X is N, CH, CF, CCI, CCF 3 . COR2. or CNR2R3; Y is H. F, NH 2 . or OR 2 ; 
Zis 
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R is H. alky I of 1-6 carbon atoms or a cation; Ri is aikyl of 1-6 carbon atoms, hatoalkyl in which alky I has 1- 
4 carbon atoms, vinyl, cycloaikyl of 3-6 carbon atoms, aryl or aryl substituted by halogen, hydroxy, amino, 
or aikyi of 1-4 carbon atoms; 

R2 and Ra are each independently hydrogen or aikyl of 1-4 carbon atoms; 
45 R4 is -{CR2Ra) n -NFfeRs in which n is 0, 1 or 2; and 
Rs is 




in which FU is hydrogen, alkyi of 1-10 carbon atoms, aikyl of 1-10 carbon atoms substituted by ORa. 
NR 2 R3, CO2H, COjR*. C0NR2Rs, 
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SS-CHa -CH-C0 2 H, 
NH 2 



CN, aryl, or aryl substituted by halogen, hydroxy, amino, or alkyl of 1-4 carbon atoms, or phenyl, p- 
hydroxyphenyl, or taken with the nitrogen atom of the o-amino group is trimethylene or hydroxy substituted 
trimethylene; an optically active isomer thereof, or a pharmaceutical^ acceptable acid addition salt, thereof. 

A second aspect of the present invention is a pharmaceutical composition comprising an antibacteriaily 
effective amount of a compound of formula I together with a carrier or excipient 

A third aspect of the present invention is the use of a compound of formula I for preparing a 
pharmaceutical useful for treating bacterial infections. 

The present Invention essentially concerns a-amino acid derivatives on the side chain of known 7- 
amino-qulnolone and naphthyridlne antibacterial agents. 

By a-amino acids, the invention includes all naturally occurring o-amino acids, their D-conformers, and 
additional analogs as defined by the group Rs below. The naturally occurring a-amino acids are glycine, 
alanine, valine, leucine, isoleucine, phenylalanine, asparagine, glutamine, tryptophan, proline, serine, 
threonine, tyrosine, hydroxyproline. cysteine, cystine, methionine, aspartic acid, glutamic acid, lysine, 
arginlne, and histidine. 

The additional parameters under the compounds of formula I are hereinafter defined. 

"Alkyl" Is a straight or branched hydrocarbon chain having a designated number of carbon atoms. Thus 
"alkyl" may Irtclude methyl, ethyl, n-propyl. isopropyl, rvbutyl. isobutyl, sec-butyl, t-butyl. amyl, hexyl, 
decyl, and the Gke. 

The term "halo" or "halogen" means an atom of the halogen series such as fluorine, chlorine, bromine, 
and iodine. The preferred halogens are fluorine or chlorine. 

"Cycloalkyr refers to a saturated cyclic hydrocarbon group such as cyclopropyl, cyclobutyl, cyclopen- 
tyi, and cyclohexyL The preferred cycloaJkyi group is cyclopropyl. 

The term "aryl" contemplates any aromatic or hetenoaromatic ring or fused ring and this includes a "5- 
or 6-membered heterocyclic ring containing at least one nitrogen, oxygen, or sulfur atom" such as 2-, 3-, or 
4-pyrldine, 2- or 3-thiophene, 2- or 3-furan, 2-imidazole, 2-oxazole, 2-thiazole and the like. 

In addition to the customary and preferred phenyl group, "aryl" also includes naphthyl, indanyl, Indoryl. 
qulnoryl, isoquinolyl and the like. 

Also in the definition of the o-amino acyl group Rs as 



Rs Is also defined as trimethylene or hydroxy-substituted trimethylene when taken together with the 
nitrogen atom of the o-amino group so that one terminal methylene Is bonded to the o-amino group to form 
acyl groups derived from proline or hydroxyproline, both naturally occurring amino acids. 

Preferred compounds of the present invention are those of formula I as defined above but in which Rs 
is hydrogen, alkyl of 1-10 carbon atoms or alkyl of 1-10 carbon atoms substituted by OR2. NRaRa, C0 2 H, 
CO2R2. CONR2R3. 



CN, phenyl, phenyl substituted by halogen, hydroxy, amino, or alkyl of 1-4 carbon atoms. 3-indolyl or a 5- 
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or 6-membered heterocyclic ring containing at least one nitrogen, oxygen, or sulfur atom, or phenyl, p- 
hydroxyphenyl. or taken with the nitrogen atom of the a-amino group is trimethylene or hydroxy substituted 
trimethylene. 

Also preferred are compounds of formula I in which Re is hydrogen, alky I of 1*4 carbon atoms or alkyl 
of 1-4 carbon atoms substituted by OH. NH 2 . C0 2 H. CONH2. 



phenyl, p-hydroxyphenyt, 3-indolyt, 4-imidazolyl, or phenyl, p-hydroxyphenyl or taken with the nitrogen of 
the oramFno group is trimethylene or hydroxy substituted trimethylene. 

Still more preferred are compounds of formula I wherein R t is alkyl of 1-3 carbon atoms, 2-fluoroethyl. 
vinyl, cyclopropyl, phenyl, phenyl substituted by halogen, hydroxy, amino or alkyl of 1-4 carbon atoms, or a 
5- or 6-membered heteroaromatic ring containing at least one nitrogen, oxygen, or sulfur atom. 

Further preferred are compounds of formula I wherein X Is N, CH, CF, CCI or CCF 3 ; Y is H or NH2, and 
Ri is ethyl, 2-fluoroethyl, vinyl, or cyclopropyl. 

Most preferred of the compounds of the present invention are those wherein Z is 



and Ri is cyclopropyl. 

Particularly valuable are the following: 

7-[3-R2-amiraH KJxopropyi^ 
naphthyridine-3-carboxylic acid or an optical isomer thereof; 

7-[3-[(aminoacety0aminoh1-pyiTofldinylJ-1-cyclopropyl-6-f1uoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid or an optical isomer thereof; 

7-[3-K2-amirKH-oxo-3-phenylpropyl^ 
naphthyridine-3-carboxylic acid or an optical isomer thereof; 

[S-(R\S")h7-[3-[(2-amino-1 -oxo-3-pheny Ipropy I) aminoH -pyrrolidinyl}- 1 -cyclopropyl-6-fluoro- 1 ,4- 

dihydro^xo-1.8-naphthyridine-3-carboxylic acid or an optical isomer thereof; 

7-[3-{(2,5-diamino-1 ,5-dioxopentyl)aminoh1-pyrrolidinyl]-1 -cyclopropyl-6-fluoro-1 .4-dihydro-4-oxo-1 ,8- 
naphthyridine-3-carboxyllc acid or an optical isomer thereof; 

7-[3-{(2-amino-4-carboxy-1 -oxobuty l)amino]-1 -pyrroKdinyl]-1-cycIopropyl-6-fluoro-1.4-dihydro-4-oxo-1,8- 
naphthyridine-3-carboxylic acid or an optical isomer thereof; 

7-[3-£(2,6*ffamino-1-oxohexyl)am^ 
naphthyridine-3-carboxytic acid or an optical isomer thereof; 

7-[3-[(aminophenylacetyl)amino>1-pyrroto 
naphthyridine-3-carboxylic acid or an optical isomer thereof; 

7^3-n(2-amirKH-oxo-3-phenylpropy^ 
dihydro-4-oxo-1,8-naphthyridine-3-carboxyDc add or an optical isomer thereof; 

7-[3-ffi2-amino-1 -oxopropyl)amino]methy l>3-methy 1-1 -pyrrolidiny l]-1 -cy clopropy HWluoro-1 ,4-dihydro-4- 
oxo-1 ,8-naphthyridine-3-carboxytic acid or an optical isomer thereof; 

7-[3-n(aminoacetyl)am^ ,4-dihydro-4-oxo-1 .8- 

naphthyridine-3-carboxylic acid or an optical isomer thereof, 

7-{3-H(aminophenylacetylamino)methv^ 
oxo-1 ,8-naphthyrid1ne-3-carboxylic acid or an optical isomer thereof; 

7-[3-[[(2-amino-4-carboxy-1-^^ 
dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic add or an optical isomer thereof; 

713-tt(2,6-<fiamino-1 -oxohexyQamto 
4-oxo-l ,8-naphthyridine-3-carboxyfic acid or an optical isomer thereof; 

7-{3- u r (2.5-diamino-1 ,5-dioxopentylamino]me%l]-3-methyl-1 -ptf rrolidinyl}-1 -cydopropyMM!uoro-1 . 4- 
dihydro-4-oxo-13*naphthyridine-3-carboxylic acid or an optical isomer thereof; 
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7-{3-[(2-amlno-1 -oxopropyl)amino}-1 -pyrroGdiny]-1 -cyclopropyl-6,8-dif luoro-1.4-cfihydro-4-oxo-3- 
quinoiinecarboxyOc acid or an optical Isomer thereof; 

[S-{R*.S^h7^3H(2-am!no- 1 -oxopropyl)amino]-1 -pyrrolidiny ]-1 •cydopropyl-6 i 8-difluoro-1 ,4-dihydro-4-oxo- 
3-qulnolinecarboxyfic acid or an optical Isomer thereof; 

The compounds of the present Invention and of formula I may be prepared by reacting a compound of 
the formula II 
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30 




and ft' is -(CRsRaJn-NftH, with a compound of the formula 

40 H05-9H-R6 

ro 



or an activated acid derivative thereof in which Pro represents a protecting group. In the presence of 
activated add. and removing the protecting group by acid hydrolysis or catalytic hydrogenation, and, if 
desired, converting by known means th& resulting product to a pharmaceuticaify acceptable base or acid 
addition salt thereof. 

The quinolones and naphthyridlnes of formula II having a free primary or secondary amino group are 
reacted with an a-amino acid by a coupling reaction where the a-amino group is protected by a known 
amino protecting group, such as carboxylic acyl groups, alkoxycarbonyl groups such as t-butyloxycarbonyl, 
and benzyloxycarbonyl, and the cartxjxyOc acid group of the a-amino group is left untouched or activated 
as an acid halide, preferably chloride, a mixed anhydride or a hydroxy succinic ester. A coupling reaction 
activator such a dicyclohexylcarbodiimlde may be used when the carboxylic acid group of that amino acid 
is used as such. The reaction proceeds as well described in peptide synthesis at a temperature of about 0 
to about 100* C in an inert solvent, such as acetonitriie, chloroform, dichloromethane, or dimethylformamide 
and, optionally, in the presence of a proton acceptor such as a base, e.g., triethyiamine or other amine 
bases. 
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Following the above reaction, the amino protecting group Is removed by known procedures. Alkoxycar- 
bonyl groups, for example, are removed by acid or base hydrolysis and benzyloxycarbonyl, by 
hydrogenolysis^ 

An alternative method for preparing the compounds of the present invention when Z is 



to 



75 




20 involves reacting a compound of the formula 

T o 



25 




in which L is a leaving group, with an amine' of the formula ZH. in which the a-amino group in Rs is 
protected, and removing the protecting group by acid hydrolysis or catalytic hydrogenation, and, if desired, 
converting the resulting compound to a pharmaceuticaJly acceptable base or acid addition salt thereof by 
known means. 

The reaction between the compound of formula 111 and suitably protected ZH may be performed in an 
inert solvent preferably at elevated temperatures for a sufficient time for the reaction to proceed substan- 
tially to completion. The reaction is carried out preferably in the presence of an acid acceptor such an alkali 
metal or alkaline earth metal carbonate or bicarbonate, a tertiary amine such as triethylamine, pyridine, 1,5- 
diazabicyc!o[5.4.G>undecene-5 (DBU), or picoline. 

Convenient solvents for this reaction are nonreactive solvents such as acetonrbile, tetrahydrofuran, 
ethanol, chloroform, dimethylsulfoxide. dimethyiformamide. pyridine, picoline, water, and the like. Solvent 
mixtures may also be utilized. 

Convenient reaction temperatures are in the range of from about 20* to about 150*C; higher 
temperatures usually require shorter reaction times. 

The removal of the protecting group may be accomplished as mentioned above either in situ or after 
isolating the product, I. 

Because of the presence of an a-amino acid group on the compounds of the present invention, they all 
exist in optically active forms. The pure D isomer, pure L isomer as well as mixtures thereof, including the 
racemic mixtures, are contemplated by the invention. The Individual D and L isomers are preferably 
prepared by using the naturally occurring L-o-amino acids or their O-conformers and, in the case of other a- 
amino acids, resolving such acids by known means, then reacting them by already described methods^ in 
standard peptide chemistry, with compounds of the formula II or with an optionally protected amine z'h, 
where Z is above defined. 

An additional asymmetric carbon atom may be present in the Z portion of the compounds of formula IL. 
Thus the compounds of formula I may have two asymmetric carbon atoms and four optical isomers where 
both asymmetric carbon atoms reside in the Z group. All such isomers, diastereomers, enantiomers as well 
as mixtures thereof are intended to be included in the invention. The preferable method of synthesizing the 
individual optical isomers involve preparing the pure isomers in the Z group by reacting the optically active 
protected a-amino acid with an optically active Z H to form ZH which is then reacted as described above 
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with a compound of formula II! followed by removal of the protecting group. 

IhQ compounds of the Invention are capable of forming both pharmaceutically acceptable acid addition 
and/or base salts. Base salts are formed with metals or amines, such as alkali and alkaline earth metals or 
organic amines. Examples of metals used as cations are sodium, potassium, magnesium, calcium, silver. 

5 and the like. Examples of suitable amines are N.N'-dibenzylethyienediamlne, chloroprocaine. choline, 
dlethanoiamine. ethylenediamlne. N-methylglucamine, and procaine. 

Pharmaceutically acceptable acid addition salts are formed with organic and inorganic acids. 
Examples of suitable acids for salt formations are hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, 
malonic, salicylic, mafic, gluconic, fumaric, succinic, ascorbic, maleic, methanesutfonic, lactic, and the like. 

w The salts are prepared by contacting the free base form with a sufficient amount of the desired add to 
produce either a mono or di, etc salt In the conventional manner. The free base forms may be regenerated 
by treating the salt form with a base. For example, dilute solutions of aqueous bases may be utilized. Dilute 
aqueous sodium hydroxide, potassium carbonate, ammonia, and sodium bicarbonate solutions are suitable 
for this purpose. The free base forms differ from their respective salt forms somewhat In certain physical 

is properties such as solubility in polar solvents, but the salts are otherwise equivalent to their respective free 
base forms for purposes of the invention. Use of excess base where R is hydrogen gives the corresponding 
basic salt. 

The compounds of the Invention can exist in unsolvated as well as solvated forms, including hydrated 
forms. In general, the solvated forms, Including hydrated forms and the like are equivalent to the unsolvated 
ao forms for purposes of the Invention. 

Starting materials used to prepare compounds of formula I such as compounds of formulae II, III. and Z 
are known and may be prepared by methods described in the following list of patents and publications: 



US Patent No. 4.617,308 
25 US Patent No. 4,442.1 01 
US Patent No. 4.496.568 
US Patent No. 4,649,144 
US Patent No. 4,382,987 
US Patent No. 4,341,784 
30 US Patent No. 4,663,457 
US Patent No. 4,638,067 
US Patent No. 4,668,680 
US Patent No. 4,657,913 
US Patent No. 4,599,334 
35 US Patent No. 4,571 .398 



European Patent Application Publication No. 195135 
European Patent Application Publication No. 167763 
European Patent Application Publication No. 195841 
40 European Patent Application Publication No. 178388 
European Patent Application Publication No. 191451 
European Patent Application Publication No. 172651 
European Patent Application Publication No. 215650 

45 Compounds of formula III wherein X is CCF 3 . for example, 1^clopropyl^.7Kiifluoith1.4<lihydro-4-oxo- 
8-(trifluoromethyl)-3^ro^^ acid, may be prepared by the following sequence of reactions. 

2,4,5-Trffluorobromobenzene (Aldrich) is lithiated and subsequently carboxylated to form the compound 
3*romo-2,5,6-trffluorobenzofc acid. Various fithiating agents such as lithium dialkylamide, for example 
lithium diisopropylamide, and carbon dioxide in diethyl ether may be used. The reaction proceeds at 
so temperatures from about -40 # to -100* C, preferably from about -60 to -80 C. Possible solvents Include 
but are not limited to ether, dimethoxyethane, and tetrahydrofuran. The preferred solvent is tetrahydrofuran. 

The carboxylic acid group of the 34)romo-2,5,6-trffiuorobenzoic add is treated with a fiuorinating agent 
such as, for example, selenium tetrafiuorlde or sulphur tetrafluoride and hydrogen fluoride forming the 
compound l-bromch2.4,5-trifiuoro-3-(trifluoromethyl)benzene. The reaction proceeds for from about 1 to 48 
ss hours at temperatures of about 80 to 150* C. Preferably the reaction time Is from about six to eight hours at 
temperatures from about 120* to 140* . 

Subsequently the bromine group of the above compound Is treated with a carboxylating agent forming 
the compound 2.4,5-trmuoro-3-(trifiuorom8thy1)ben20ic add. Possible carboxylating agents indude but are 
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not limited to n-butyl lithium and carbon dioxide, Mg and either CO2 or a chlcroformate followed by ester 
hydrolysis, or other lithium such as MeU or t-butyl lithium followed by an anhydrous hafide salt of a less 
electropositive metal, then followed either by CO2 or * chloroformate derivative, which would be subse- 
quently hydroiyzed; preferably n-butyl lithium and carbon dioxide are used. This portion of the process 
s proceeds at temperatures from about -40 to -100* C in ether or tetrahydrofuran. Temperatures from about 
-70 to JB0* are preferred. 

The benzoic acid formed above is then treated with a chlorinating agent an alkyl hydrogen malonate 
and n-butyl lithium forming the desired alkyl 2 v 4,5-trifIuoro-i3-oxo-3-(trifIuoromethy0benzenepropanoate. 
Various chlorinating agents will be useful such as. for example thlonyl chloride, POClj. PCI*, and PCIs. 
ro Brominating agents are also possible such as, for example SOBr 2 . Thionyi chloride is the preferred agent 
used with a dianion of a malonate, such as ethyl hydrogen malonate. The reaction proceeds at tempera- 
tures of from about -40 to -100* ; preferably from about -70 to -85* C. 

The above propanoate Is reacted with an aikylorthoformate and acetic anhydride and subsequently with 
a primary alkylamino group, e.g., cyclopropylamine. forming an ethyl (N-(cyclo)aIkylaminomethylene)-3-oxo- 
76 3-aryl propanoate derivative. The reactants are preferably ethylorthoformate and cyclopropylamine or 
ethylamine. The reaction proceeds for about one to six hours at reflux. 

The above product is reacted with a base in an organic solvent to cycflze the compound forming alkyl 
1-alkyh6,7<nfluoro-8-trifluorome^ in particular, ethyl 1 -cyclopropyl-6,7-difluoro- 

8-trifluoromethytquinoi-4-one-3-carboxylate. A preferred base is an alkali hydride such as sodium hydride 
20 and solvents include but are not limited to t-butanol, DMSO or tetrahydrofuran. The reaction occurs at 
temperatures from about -20* to 100* C. 

The quinolone is then deesterified forming the corresponding carboxylic acid. Useful reactants are 
chlorotrimethylsilane and sodium iodide in acetonitrile. Hydrogen chloride in acetic acid is also useful. The 
deesterification occurs at reflux which in the case of acetonitrile would be at about 80* C. The reaction time 
25 is from two to six hours. 

A starting material of the formula Z' wherein Z is 



may tie prepared by the following reaction steps. 

2,6-Diaminoheptanedioic acid is esterified. preferably with thionyi chloride and methanol, to form the 
corresponding 2.6-diaminoheptanedioic acid dimethyl ester hydrochloride. The 2,6-diaminoheptanedioic 
acid may be substituted at the 3-, 4-, or 5-posrtions each independently by an alkyl. preferably by a methyl 
group. The reaction proceeds at reflux and then is stirred for from 10 to 20 hours or overnight at room 
temperature. 

The esterified compound is then reacted with a triaJkylamine and an alcohol, such as for example, 1- 
pentanol to form the corresponding 6,8-diazabicycio [3^L2]nonane-7.9-dione. The triethylamine is the 
preferred reactant. A dilute solution is used, it is heated under reflux for as long as four days. 

The dione formed is reacted with an alkali metal hydride, preferably, sodium hydride, and an 
unsubstituted benzylhaiide to form the corresponding 6.8-bis(substituted benzyl)-63Kiiazabicyclo[3^2h 
nonane-7,9-dk>ne. Preferably bromomethyibenzene or an a-methyl benzyl haiide such as chlorine, bromine, 
or iodine is used. 

The above bis benzylated dione-containing compound is then reduced to the corresponding! 6,8-bss- 
(substituted benzyl)-6 f 8-diazabicycIo[3^2]nonane with lithium aluminum hydride in tetrahydrofuran, 
diglyme, cfiethytether, or dloxane. Tetrahydrofuran is the preferred solvent The reduced compound is 
subsequently debenzylated by catalytic hydrogenation with, preferably, palladium on carbon, to form a 
desired 6.8-diazabicyclo [3^2]nonane, hydrochloride. The reaction occurs in methanol and water in a ratio 
of about 2:1. 

The compounds of the present invention having an additional a-amino acid group are potent anti- 
bacterial agents against both gram-positive and gram-negative bacteria. The unexpected advantage found 
for the present compounds is an enhancement in in vivo activity when administered both orally and 
subcutaneousty. The following table illustrates the advantage of the present compounds by the comparative 
in vivo data. The reference agents are identical to the exemplified compounds absent the a-amino acid 
moiety. 
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TABLE 1 



In Vivo Activity in Mice 



PDso (mg/kg) by Oral (PO) and Subcutaneous (SC) Routes 



Compound 


Ecoli 


S. pyogenes 


S. pneumoniae 


PO 


SC 


PO 


SC 


PO 


SC 


Enoxarin Reference 


3 


2 


>100 


45 


>100 


>100 


Reference 


2 


0.6 


32 


14 


58 


33 


Example 5 


1.5 


0.6 


15 


7 


28 


10 


Reference 


16 


2 


8 


7 


Example 4 


2.5 


0.7 


12 


3 


Example 6(#1 5) 


1.3 


0.4 


22 


10 


25 


12 



The test was carried out using 8 to 16 mice per dose level according to the well-known method 
described in Antimicrobial Agents and Chemotherapy, 2, 1972, pp 88-94 by Helfetz, et al., and the values 
recorded as PDso in mg/kg. PDso means median protective dose. 

The compounds of the invention can be prepared and administered in a wide variety of oral, parenteral, 
and topical dosage forms. It will be obvious to those skilled in the art that the following dosage forms may 
comprise as the active component either a compound of formula I, an optical isomer thereof, or a 
corresponding pharmaceutical ly acceptable salt of a compound of formula I. 

For preparing pharmaceutical compositions from the compounds described by this invention. Inert, 
pharmaceutical^ acceptable carriers can be either solid or liquid. Solid form preparations Include powders, 
tablets, dispersibte granules, capsules, cachets, suppositories, and ointments. A solid carrier can be one or 
more substances which may also act as diluents, flavoring agents, binders, or tablet disintegrating agents; it 
can also be an encapsulating material. In powders, the carrier is a finely divided solid which is in admixture 
with the finely divided active compound. In the tablet the active compound is mixed with carriers having the 
necessary binding properties in suitable proportions and compacted in the shape and size desired. The 
powders and tablets preferably contain from 5 or 10 to about 70 percent of the active ingredient Suitable 
solid carriers are magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, 
gelatin, tragacanth, methyl cellulose! sodium carboxymethyl cellulose, a low melting wax, cocoa butter, and 
the like. The term "preparation* is intended to include the formulation of the active compound with 
encapsulating material as carrier providing a capsule in which the active component (with or without other 
carriers) is surrounded by carrier, which is thus in association with it Similarly, cachets are Included. 
Tablets, powders, cachets, and capsules can be used as solid dosage forms suitable for oral administration. 

Liquid form preparation included solutions, suspensions, and emulsions. As an example may be 
mentioned water or water-propylene glycol solutions for parenteral injection. Such solutions are prepared so 
as to be acceptable to biological systems (tsotonicsty, pH, etc). Liquid preparations can also be formulated 
in solution in aqueous polyethylene glycol solution. Aqueous solutions suitable for oral use can be prepared 
by dissolving the active component in water and adding suitable colorants, flavors, stabilizing, and 
thickening agents as desired. Aqueous suspension suitable for oral use can be made by dispersing the 
finely divided active component in water with viscous material, i.e., natural or synthetic gums, resins, methyl 
cellulose, sodium carboxymethyl cellulose, and other well-known suspending agents. 

Ointment preparations contain heavy metal salts of a compound of formula I with a physiologically 
acceptable carrier. The carrier is desirably a conventional water-dlspersible hydrophilic or oil-in-water 
carrier, particularly a conventionally semi-soft or cream-1ike water-disperslble or water soluble, oil-in-watBr 
emulsion which may be applied to an affected bum surface or infected surface with a minimum of 
discomfort Suitable compositions may be prepared by merely Incorporating or homogeneously admixing 
finely divided compounds with the hydrophilic carrier or base or ointment 

Preferably, the pharmaceutical preparation is In unit dosage form. In such form, the preparation is 
subdivided into unit doses containing appropriate quantities of the active component The unit dosage form 
can be a packaged preparation, the package containing discrete quantities of preparation, for example, 
packeted tablets, capsules, powders In vials or ampules, and ointments in tubes or Jars. The unit dosage 
form can also be a capsule, cachet, tablet, gel, or cream itself or it can be the appropriate number of any of 
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these packaged forms. 

The quantity of active compound in a unit dose of preparation may be varied or adjusted from 1 mg to 
100 mg according to the particular application and the potency of the active ingredient 

in therapeutic use as agents for treating bacterial infections the compounds utilized in the pharmaceuti- 
5 cal method of this invention are administered at the initiaJ dosage of about 3 mg to about 40 mg per 
kilogram daily* A daily dose range of about 6 mg to about 14 mg per kilogram is preferred. The dosages, 
however, may be varied depending upon the requirements of the patient the severity of the condition being 
treated, and the compound being employed. Determination of the proper dosage for a particular situation is 
within the skill of the art Generally, treatment is initiated with smaller dosages which are less than the 
ro optimum dose of the compound. Thereafter, the dosage is increased by small increments until the optimum 
effect under the circumstances is reached. For convenience, the total daily dosage may be divided and 
administered in portions during the day if desired. 

The following nonfimiting examples illustrate methods for preparing the compounds of the invention. 

75 

EXAMPLE 1 



20 

7-[3K(2-Amino-1^xopropyl)amirKfr^ 
quinolinecarboxylic acid, monohydrochloride. 



25 

[1 -Methy l-2«oxo-2-[(1 -(pheny lmethyQ-3-py rrolidinyl) amino]ethylIcarbamic acid 1.1-dimethylethyl ester 
(Mixture of isomers) 

To a solution of 9.46 g (50 mmol) of t-butoxycaifconylamino-L-alanine (Sigma) in 100 ml of acetonitrile 
ao was added 8.1 g (50 mmol) of 1,1-carbonyldiimidazole. After gas evolution ceased, the reaction mixture 
was heated at 60* for one hour and allowed to stand at room temperature for 18 hours. The reaction was 
cooled to 0 # and treated with 8.8 g (150 mmole) of 1-benzyl-3-pyrrolidinarnine (J. Med. Chem.. 24 1229 
(1981)). The reaction was stirred at room temperature for three hours and the solvent was removed in 
vacuo . The residue was dissolved in ethyl acetate, washed with water, dried (MgSOt) and evaporated In 
35 vacuo to give 16.1 g of the title compound which crystallized on standing and had a mp'of 83-85* C. 



[l-Methy^K^x^-t^pyrrolidinyQaminolethyllcarbamic add 1,1-dimethylethyl ester (mixture of isomers) 

40 A solution of 6.9 g (20 mmol) of [1-methyl-2^xo-2-[(Hphenylmethyl)-3-pyrrolidinyl)aminolethylh 
carbamic acid 1,1-dimethyfethyl ester in 100 ml of methanol was treated with 1.0 g of 20% palladium on 
carbon and shaken in a hydrogen atmosphere at pressures of 33.6 to 52.7 psi and temperatures of 23.5- 
27.0" for 18 hours. The catalyst was removed by filtration and the solvent evaporated to give 5.0 g of the 
title compound as a viscous liquid. 

45 

1 -Cyclopropyl-7-I3-[[2-tI(l .1 -dimethylethoxy)cartonyllaminoh 1 «oxopropyl]aminoH -pyrrolidiny l]-6 t 8-difluon> 
1,4^ihydro-4-oxo»3<|uinolinecarb(»{ylic add (mixture of isomers) 

so A suspension of 1.4 g (50 mmol) of 1^clopropyW,7,8-trifluoro-1,4^ 

add. 1.92 g (7.5 mmol) of [1^ethyl-2HDxch2^(3^rroIidinyl)amino]ethyl]carbamic add 1,1-dimethylethyl 
ester, 1.5 g (15 mmol) of triethylamine and 75 ml of acetonitrile was heated at reflux for five hours. The 
solvent was removed in vacuo and the residue was partitioned between chloroform/water (250 ml each) and 
addified to pH 2.0 at 0 with 6.0 M hydrochloric add. The solid was removed by filtration, washed with 

55 water and dried in vacuo to give 2.4 g of the title compound, mp 185-187* C. 
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7-{3-[(2-Amino-1-oxopropyl)amlno]-1 -pyrroPdiny l]-1 -cyclopropyl-6,8-dlfluoro-1 ,4-dihydro-4-oxo-3- 
quinolinecarboxyllc acid, monohydrochloride. 

A solution of 2.3 g (4.4 mmol) of 1-Cyclopropyl-7-[3-Q2-l[(1.1-dimetty^ 
oxopropyl]amIno>1-pyiToHdinyl]^,8-difluo^ acid In a mixture of 25 

ml of 1.0 M hydrochloric acid and 25 ml of'ethanol was heated at reflux for two hours. The mixture was 
evaporated to dryness in vacuo and the residue was triturated with ethanol/ether (100 mltt:1). The solid was 
removed by filtration, washed with ethanol/ether, ether and dried in vacuo to give 1.6 g of the title 
compound, mp 23&-240 - C. 



An Ehantjosetectjw Synthesis of Both [S-R'.ST-and [S-trr.R^K-CS-g-Amf no-1 -oxopropyl)amlnol-1 - 
i^rolidinyfrl-cyclopropyi^,^ monohydrochioride 



(S)-3-Hydroxypyrrolidine 

A solution of 22.5 g (105 mmol) of 1-beruyM(S)-pyrroiidinol (J. Am. Chem. Soc., 1986, 108. 2049) 
hydrochloride in 400 ml of methanol was treated wfth 2.0 g of 20% palladium on carbon and shaken In an 
atmosphere of hydrogen at temperatures of 23-26.5' C and pressures of 48.4-51.2 psl for 21 hours. The 
catalyst was removed by filtration through Cellte and the solvent was removed in vacuo to give 12.9 g of the 
title compound as a light yellow oil. 



[R)-3-Hydroxypyrrolidine 




The above procedure was followed using 30.4 g (142 mmol) of 1-benzyl-3(R)-pyrrolldinol (J. Am. Chem. 
Soc., 1986, 108, 2049) hydrochloride, 600 ml of methanol, and 3.0 g of 20% palladium on carbon to give 
1 4.8 g of the title compound as a light yellow oil. 



(R)-3-Hydroxy"1-pyrrolidlnecarboxylic acid, phenylmethyl ester 

A solution of 10.2 g (82.8 mmol) of R-3-hydroxypyrrolidine hydrochloride (Chem. Letts.. 1866 . pp 893-6) 
in 50 ml of water was cooled to 0* and treated with 22.5 ml (90 mmol) of 4.0 N sodium hydroxide. The 
neutral solution was treated dropwise with 15.6 g (87 mmoO of carbobenzyloxy chloride maintaining the pH 
at 11.0 ± 0.5 by the dropwise addition of 87 ml of 1.0 N sodium hydroxide and the temperature below 5* 
with a salt-fee bath. When the addition was complete, the mixture was stirred at 5* for two hours and stored 
at 5* for 18 hours. The reaction mixture was saturated with sodium chloride and extracted with ethyl 
acetate (2 x 500 ml). The combined organic layers were washed with 1.0 N sodium hydroxide (4 x 50 ml), 
water, dried (MgSO<) and evaporated in vacuo to give 17.5 of the title compound. 



(S)-3-Hydroxy-1-pyrrofidinecarboxync acid, phenylmethyl ester 

When the above procedure was repeated using 12.4 g (0.1 mol) of (S)-3-hydroxypyrrolidine hydrochlo- 
ride, the yield of the title compound was 20.1 g. 



Example 2 
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(R>»3^(MethylsulfbnyDoxyh1-pynrol?dlnecart3oxyl?c acid, phony Imethyi ester 

A solution of 17.5 g (84 mmol^of (R)-3-hydroxy-1«^yrroHdin8carboxylic acid, phenyfmethyl ester in 150 
ml of dry pyridine was cooled to 6 # and treated dropwise with 11.5 q (0.1 mol) of methanesulfonyl chloride 
5 keeping the temperature at 5* . The reaction mixture was stirred at 5 for two hours and stored at 5* for 18 
hours. The reaction mixture was allowed to warm to room temperature over three hours and the solvent was 
then removed in vacuo. The residue was partitioned between ethyl acetate/water (500 ml each) and the 
aqueous layer was reextracted with ethyl acetate. The combined organic layers were washed with water, 
dried (MgSO*) and evaporated in vacuo to give 212 g of the title compound. 



(SKH(lvtethylsulfonyl)oxyh1 acid, phenyimethyl ester 

When the above reaction was run using 19.7 g (89 mmol) of the (SHsomer, the yield of the title 
is compound was 262 g. 



(S)-3-Azido-1-pyrrolidinecarboxylic acid, phenyimethyl ester 

20 A solution of 20.5 g (72 mmol) of (R)-3^(methylsulfonyl)oxyh1-pyrrolklinecaitoxylIc acid, phenyl-methyl 
ester in 100 ml of dry N.N-dimethylforrnamide was treated with 6.5 g (0.1 mol) of sodium azide and heated 
at 90* for four hours. The solvent was removed in high vacuo at 50* and the residue was partitioned 
between ethyl acetate/water (250 ml each). The aqueous layer was reextracted with ethyl acetate and the 
combined organic fractions were washed with water, dried (MgSCU) and evaporated In vacuo to give 162 g 

25 of the title compound. ~ 



(R)^A2ido-1-pyrrolidinecarboxylic acid, phenyimethyl ester 

so When the above reaction was run using 21.0 g (70 mmol) of the S^omer, the yield of the title 
compound was 152 g. 



(S)»3-Amino»1>pyrroiidinecarboxylic acid, phenyimethyl ester 

A solution of 14.7 g (60 mmol) of (S)-3-azido-1-pyrroiidinecarboxyiic acid, phenyimethyl ester in 200 ml 
of methanol was treated with 1.0 g of Raney-nickel and shaken In a hydrogen atmosphere at pressures of 
49.5-51 psi and temperatures of 25.3-29.5* for nine hours. The catalyst was removed by filtration and the 
solvent was removed in vacuo to give 132 g of the title compound. 



(R)-3-Amino-1-pyrrolidinecarboxylic acid, phenyimethyl ester 

When the above reaction was run using 15.1 g (81 mmol) of the (RHsomer. the yield of the tftie 
45 compound was 13.4 g. 



(S)-3^(l,1-Dimethytethoxy)ca^ acid, phenyimethyl ester 

so To a solution of 13.7 g (60 mmol) of (S^amino-I^yrrolidinecarboxylic acid, phenyimethyl ester in a 
mixture of 59 ml of 1.0 N sodium hydroxide and 90 ml of t-butanol was added dropwise a solution of 13.1 g 
(60 mmol) of di-tert-butyl dicarbonate in 20 ml of t-butanol keeping the temperature below 40* . The 
reaction was allowed to come to room temperature over 18 hours and the t-butanol was evaporated in 
vacuo. The residue was partitioned between ethyl acetate/water (250 ml of each) and the aqueous layer was 

55 reextracted with ethyl acetate (250 ml). The combined ethyl acetate layers were washed with water, dried 
(MgSO*), filtered, and evaporated in vacuo to give 182 g of the title compound, mp 124-125* C. 



35 
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(RHHIO ,1-Dlmethyfethoxy)carbonyl]amino>1-pyrrolirt^ add, phenylmethyl ester 

When the above reaction was run using 17.6 g (80 mmol) of (R)-3-amino-1-pyrTo[idinecarboxylic acid, 
phenylmethyl ester, the yield of the title compound was 24.8 g. " 



(S)^(1 t 14}lmethy>ethoxy)carix?nyl]aminolpyrrolid1ne 

A solution of 17.7 g (55.2 mmoO of (S)-3-K1,1-dimethylethoxy)carbonyl]aml^^ 
acid, phenylmethyl ester, in 400 ml of methanol was treated with 2.0 g of 20% palladium on carbon and 
shaken in an atmosphere of hydrogen at temperatures of 22-26.5* and pressures of 45-50.5 psi for one 
hour. The solvent was removed in vacuo to give 10.1 g of the title compound. 



(R)-3-n(1 .1 -Dimethy lethoxy )carbonyllamino]py rrolidine 

When the above reaction was run using 22.4 g (70 mmol) of (R)-3-[t(1 t 1-dimethylethoxy)carbonyl> 
aminoH-pyrrolidinecarboxylic acid, phenylmethyl estBr, the yield of theltle compound was 12.5 g. 



(S)-1 -Cyclopropyl-7-[3-g(1 ) 1-dimethylethoxy)carbonyil amino]-1 -pyrrolldiny f]-e,8-difluoro-1 ,4-dihydro-4-oxo- 
3-quinolinecarboxylic acid, ethyl ester 

A solution of 12.5 g (40 mmol) of 1-cyclopropyl-6 f 7 l 8-trifIuoro-1,4-dihydro-4K>xo-3-q 
add, ethyl ester, 8.9 g (48 mmol) of (S^^I.I-dimethylethoxyJcarbonyilaminolpyrroHdlne, ai g (80 mmol) 
of triethylamlne and 75 ml of acetonitrile was heated at reflux for 18 hours. The reaction mixture was cooled 
to 5* and the solid was removed by filtration, washed with acetonitrile, ether and dried in vacuo to give 19.0 
g of the title compounds, mp 148-151 * C. ^ 



(R)-1-Cyclopropyl-7-[3-t[(1 ,1 ^imethylethoxy)carbonyl]amlnoI-1^ ,4-dihydro-4-oxo-3- 
qulnollnecarboxyllc add, ethyl ester 

When the above reaction was run using 15.6 g (50 mmol) of l-cyclopropyl-e.^S-trifluoro-l^ihydro^ 
oxo-3-quinolinecarboxylic add. ethyl ester, 10,2 g (55 mmol) of (R)-3-[[(1,1-dimethylethoxy)carbonyl]amino]- 
pyrrolldine, 10.1 g (0.1 mol) triethylamina and 100 ml of acetonitrile, the yield of the title compound was 
23.8 g. 

(S)-7-[3-<Amlno)-1 -pyrrolidlnylH -cyclopropyl-6, 8-<lifluoro-1 t 4-dihydro-4-oxo-3-quinolinecarboxyllc add, 
ethyl ester 

A solution of 23.9 g (50 mmol) of (S)-1-cyclopropyl-7-[3-[t(1,1-dimethyiethoxy)carbonyl]amlno]-1- 
pyrrolidinylJ^,8-dmuoro-1,4<lihydro-4-oxo-3-quInoline carboxyllc add, ethyl ester in 150 ml of trifluoroacetic 
add was stirred at room temperature for four hours. The solvent was removed in vacuo and the residue was 
triturated with 5% sodium bicarbonate. The solid was removed by filtration, washed 5% sodium bicar- 
bonate, water and dried in vacuo to give 17.8 g of the title compound, mp 227-228* C. 



(R)-7-[3(AmlnoH -pyrrolldinylH -cyclopropyl-6,8-dif luoro-1 ,4-dihydro-4-oxo-3-quinoirnecarboxyHc acid, ethyl 
ester 

When the above reaction was run using 19.1 g (40 mmol) of (R>-1-cydopropyl-7-[3-[I(1,1- 
dimethylethoxy)carbonyl]aminol-1 -pyrroDdinyQ-6,8-dif luoro-1 ,4-dihydro-4-oxo-3-quinolinecarboxylic add. 
ethyl ester, the yield of the title compound was 14.0 g. 
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[S-ffr.fTM-l -Cyc!opropyK7-[3-g2-{[(1 -dim6thyIethoxy)cafbonylIamino}-1 -oxypropyQamino}-! -pyrroHdlnyll-6, 
8-difluon>1 ,4^hydro-4K)xo-3-quinolinacarfaoxy lie acid, ethyl ester 

A solution of 8.76 g (50 mmol) of N-t-butoxy-L-alanine. 5.1 g (50 mmol) of N-methylmorphollne and 100 
ml of acetonitrile was cooled to -20* and treated" dropwise with 6.9 g (50 mmoi) of isobutyt chioroformate 
keeping the temperature below -10* . The resulting turbid mixture was stirred at -10 * 5* for one hour and 
treated with a solution of 1&J9 g (50 mmole) of (Sh743^amlnoH-pyrro!idinylH<^ 
dihydro-4-oxo-3- quinolinecarboxylic acid, ethyl ester, in 100 ml of methylene chloride. 

The reaction was stirred at 0* for one hour and allowed to come to room temperature where it was 
stirred for eight hours. The solvent was removed in vacuo and the residue was triturated with water. The 
solid was removed by filtration, washed with water and dried in vacuo to give 25.2 g of the title compound, 
mp 100-105* C. 



[R-(R*.S')I-1 -Cyclopropyl-7-[3-[[2-[[1 -dlmethyiethoxy)carbonyi]amino]-1 -oxopropyllamino}-1 -pyrrotidlny l}-6 t 8- 
difiuoro-1,4^ihydro-4-oxo-3^uinolinecarboxyiic acid, ethyl ester 

When the above reaction was run using 7.0 g (40 mmol) of N-t-butoxy-L-aiantne. 4.1 g (40 mmol) of N- 
methylmorpholine, 5.5 g (40 mmol) of isobutyl chioroformate, 1*5.1 g (45 mmol) of (R)-7-[3-(amino)-1- 
pyrroIIdinylH<ycIopropyi^,8^ acid* *thyl *ster in a total 

100 mi of acetonitrile and 100 ml of methylene chloride, the yield of the title compound was 19.6 g. 



[S-(R\RQh7-[3-[(2-Amlno-1-oxopro^ 

quinolinecarboxylic acid, monohydrochloride " 

A solution of 27.4 g (50 mmol) of [S-(R\R^HK:yclopropyl-7H3-£[2^ aminoh 
1-oxopropy0aminoh1-pyn*o0dinyi)^ f 8-^^ acid, ethyl ester in 

200 mi of ethanoi and 100 ml of 1.0 M hydrochloric acid was heated at reflux for four hours. The solvent 
was removed in vacuo and the residue was triturated with 100 ml of a mixture of ethanot/ether (1:1). The 
solid was removed by filtration, washed with ethanol/ether (1:1), ether and dried in vacuo to give 17,9 g of 
the title compound, mp 127-130* C. 

[R-(R\SQh7-(3-[(2-Amino-1-oxopropyl)arri^ 
quinolinecarboxyiic acid, monohydrochloride " 

When the above reaction was run using 16.4 g (30 mmol) of [R-(R',S*)h1-cyclopropyi-7-{3-n2-fI(1- 
dirne%lethoxy)carbonyl]anijnoh1-oxopropyl]am! 

quinolinecarboxylic acid, ethyl ester, 60 ml of 1.0 M hydrochloric acid and 125 ml of ethanoi, the yield of 
the title compound was 10.4 g, mp 210-214* C. 



Example 3 



F-(R\S0K-[3[(2-Amino-1-oxo-3-pheny^ 

oxo-1 ^-naphthyridine-3-carboxylic acid. — 



[R]-2-[HPhenylmethyl)-3-pyiTO»dinylh1 H-isoindole-1 . 3(2H)-dione 

To a suspension of 8.9 g (50 mmol) of (S)-1-phenylmethyl-34iydroxypyrrolidine (Synth. Commun., 15. 
587 (1985)], 9.8 g (50 mmol) of phthalimide, 13.1 g (50 mmol) of triphenylphosphtne and 100 ml of 
tetrahydrofuran was added, dropwise, a solution of 8.8 g (50 mmol) of diethyl azodicarboxyiate at room 
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temperature. The reaction was stirred for 18 hours and the solvent was removed In vacuo. The residue was 
triturated with ether and the solid was removed by filtration and chromatographed on silica gel (E. Merck- 
' 240-400 mesh) eluting with chloroform/ethyl acetate (80:20). Fractions were combined based on thin layer 
chromatography and evaporated in vacuo to give 12.1 g of the title compound, 

5 

[R>1-<Phenylmethyl)-3-pyrrolklinamine 

A solution of 30.6 g (0.1 mol) of [R>2-[1-(phenylmethyl)-3-pynoiidlnylJ-1H-isoindole-1 l 3(2H)-dione in 
to 300 ml of methanol was treated with 8.4 g (0.2 mol) of hydrazine. The reaction was stlrreB at room 
temperature for 18 hours and treated with 1£5 ml (0.15 mol) of concentrated hydrochloric acid. The solid 
was removed by filtration; the precipitate was washed with ethanol and the filtrate evaporated in vacuo. The 
residue was dissolved in water, made basic with 20% sodium hydroxide saturated with sodiunTchloride and 
extracted with ether (3 x 250 ml). The combined ether layers were washed with saturated sodium chloride 
re solution, dried (MgSCh), filtered and evaporated in vacuo. The residue was distilled in high vacuo to give 
14.4 g of the title compound, bp 86-87* /0.15 mm. 

FHRffiHI^Pte^ acid, 1> 

20 dimethylethyl ester 

A solution of 13.3 g (50 mmol) of N-t-butoxy-L-phenytalanine, 5.1 g (50 mmol) of N-methylmorpholine 
and 100 m! of acetonitrile was cooled to -20* and treated dropwise with 6.9 g (50 mmol) of Isobutyl 
chloroformate keeping the temperature below -10* . The resulting turbid mixture was stirred at -10 ± 5* for 
25 one hour and treated with a solution of 8£g (50 mmol) of [R]-1-(phenylmethyl)-3-pyrrolidinamine in 50 ml 
of acetonitrile. The reaction was stirred at 0* for one hour and allowed to come to room temperature where 
it was stirred for eight hours. The solvent was removed In vacuo and the residue was partitioned between 
ethyl acetate and water. The organic layer was washed with water, dried (MgSOi), filtered and evaporated 
in vacuo to give 17.7 g of the title compound. 

30 

[R-(Fr > S^H1^henylmethyh2^xo-2K(3-pyrrolldinyQamino]ethyl]carbamic acid, 1.1 -dimethylethyl ester 

A solution of 21.2 g (50 mmol) of IR-^S^H1^henylmethyh2^^ 
35 amino]ethyl]carbamic acid, 1,1-dimethylethyl ester In 200 ml of methanol was treated with 1.0 g of 20% 
palladium on carbon and shaken in a hydrogen atmosphere at pressures of 32.5-53.4 psi and temperatures 
of 23.0-27.5* for 18 hours. The catalyst was removed by filtration and the solvent was removed in vacuo to 
give 16.3 g of the title compound. 

40 

[f^(R > ,S^h1-Cyclopropyl-7-I3-[[2-[[(1,1-dimethylethoxy)carbonyna^ 
pyrrolidinyl]-6-fluoro-1 ,4,dihydro-4-oxo-1 ^aphthyridine-3-carboxylic acid 

A suspension of 14.1 g (50 mmol) of 7-chloro-1-cydopropyJ-6-fluoro-1 f 4<IIhydro-4-oxo-13- 
45 naphthyridine-3-cart)Oxyllc acid, 18.3 g (55 mmol) of [R-(R*.8^H1-phenylmethyI-2-oxo-2-K3-pyrrolidinyl)- 
amino]ethyl]carbamic acid 1,1 -dimethylethyl ester, 15.2 g (0.15 mol) of triethylamine and 200 ml of 
acetonitrile was heated at reflux for four hours. The solvent was removed in vacuo and the residue was 
dissolved in methylene chloride and washed with 100 ml of cold 1.0 M hydrochloric acid and then water. 
After drying (MgSO*) and filtering, the solvent was removed in vacuo to give 26.2 g of the title compound. 

50 

[R-(R',S")h7-I3-[(2-Amino-1 -oxo-3-pheny lpropyl)amino}-1 -pyrrofidiny i>1 -cyclopropyl6-fluoro-1 ,4-dihydro-4> 
oxo-1 t 8-naphthyridine-3-carboxylic acid 

55 A solution of 14.5 g (25 mmol) of [R-^S0H<yctopropyh7-[^ 

aminoH -oxo-3-phenyipropyi JamlnoH -pyrrolidiny l>8-fluoro-1 ,4-dihydro-4-oxo-1 ,8-napthyrid!ne-3-carboxyiic 
acid, 100 ml of 1.0 M hydrochloric acid and 100 ml of ethanol was heated at reflux for three hours. The 
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solution was filtered through a fiber glass pad to clarify and the solvent removed in vacuo . The residue was 
triturated with 100 mi of ethanol/ether (1:1) and the solid was removed by filtration. After washing with 
ethanol/ether (2 x 50 ml-1:1) and ether, the solid was dried in vacuo to give 10.2 g of the title compound, 
mp 216-219* C. 



[S-(R*.R>7-[3-(2-Amlno-1 -oxo-3-phenyipropyl)amino}-1 -pyirolidiny i]-l -cyclopropyl-6-fluoro-1 t 4^ihydro^ 
oxo-1,8-naphthyridine»3<arboxyiic acid. (3a) 

When the above sequence of reactions outlined for Example 3 was carried out using (R)-1- 
phenylmethyi-3-hydroxypyrroiidine, the title compound was achieved, mp 210-214* . 

Using the same sequence of reactions and substituting N-t-butoxy-D-phenylalanine the final products 
having the [R-(R*.R*)K3b) and [S-(R\S*H3c) configurations were'achievedT 

Example 4 



7-[3-[[(2-Amino-1 -oxypropy l)amino]methyi>3-methy 1-1 -py rroKdinyl]-1 -cyclopropyj-6-fluoro-1 ,4-dihydro-4»oxo- 
1 ,8-naphthyridine-3-carboxylic acid monohydrochioride. 



[1-Methyl-2-[[(3-methyH-(phenyimethyl)^^ add, 1.1* 

dimethylethyl ester (mixture of isomers) 

A solution of 14.1 g (75 mmole) of t-butoxycarbonyl-L-alanine in 135 ml of dry acetonitrile was treated 
with 12.5 g (77 mmol) of 1,l'-carbonyldiimidazole. After stirring at room temperature for one hour and gas 
evolution had ceased, the reaction mixture was heated at 60* for one hour cooled to room temperature and 
treated with 14.2 g (70 mmol) of 3-methyl-1-(phenylmethyl)-3-pyrrolidinemethanamine. The reaction mixture 
was stirred at room temperature for 18 hours and the solvent was removed in vacuo. The residue was 
partitioned between ethyl acetate/water and the organic layer was separated, washed with water, dried 
(MgSOi). and evaporated in vacuo to give 23.9 g of the title compound. 



[1-Methy1-2-[[(3-methyfc3-pyrro^ acid. 1.1 -dimethylethyl ester admix- 

ture of isomers) 

A solution of 23.1 g (61.6 mmol) of [1-methyi-2-[[(3-methyl-1-(phenylmemyl}-3-pyrrolkJinyl)methylh 
amlno]-2-oxoethy(]carbamic acid, 1,1 -dimethylethyl ester in 400 ml of methanol was treated with 3.0 g of 
20% palladium on carbon and shaken in a hydrogen atmosphere at temperatures of 22-26* and pressures 
of 48.7-53.4 psi for 2.5 hours. The catalyst was removed by filtering through ceiite and the filtrate was 
evaporated in vacuo to give 17.0 g Of the title compound. 



7^3-[fl2-g(1.lHflnrethylethoxy)^ 

cyclopropyl-6-f luoro-1 ,4-dihydro-4-oxo-1 t 8-naphthyridine-3-cafboxyiic acid (mixture of isomers) 

A solution of 1.2 g (4.3 mmol) of 7-ch!oro-1-(tyclopropyl-6-fluoro-1,4^ 
carboxyOc acid. 2.43 g (8.5 mmol) of 1-me%l-2«[I(3-methyh3-pyTOlidiny 

carbamic acid. 1.1 -dimethylethyl ester, 1.3 g (13 rnmoQ of triethytamlne and 50 ml of acetonitrile was 
heated at reflux for three hours. The solvent was removed in vacuo and the residue was partitioned between 
methylene chloride and water. 

The organic layer was washed with water, dried (MgSO*). and evaporated in vacuo to give 2.1 g of the 
title compound 
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7^3^(2-Amlno-lK)xy propyl)^ 

1 t 8^aphthyridine-3-carboxylic acid monohydrochloride (mixture of isomers) 

A suspension of 2.6 g (4.9 mmol) of 7-{3-[[[2-[[(1 J-dimethyIethoxy)carbonyl}aminoH-oxypropyl]amlnoh 
me%lh3-me%M«pyrro!idinylH<yctopropyi^ 

acid, 1,1-dimethylethyi ester in SO ml of ethanol and 50 mi of 1.0 M hydrochloric acid was heated at reflux 
for three hours. The resulting solution was filtered through a fiber glass pad to clarify and the solvent was 
removed In vacuo. The residue was triturated with ethanol/ether (30 ml each) and the solid was removed by 
filtration, waihedwith ethanol/ether (1:1), ether and dried In vacuo to give 1.7 g of the title compound, mp 
270-272*. 

Using the sequence of reactions outlined in Example 4, the following compounds were prepared: 7-[3-[[- 
(2-Amino-1 <»copropyl)amino]methyl]-3-methyh1 -pyrrofidinyl]-1 -cyclopropyi-6,8-difluoro-1 ,4-dihydro-4-oxo-3- 
qufnoflnecarboxylic add monohydrochloride, (4a); 

7-{3-[[(2-Amino-1-oxopropyl)am^ 
oxo-3-quinolinecarboxyiic acid monohydrochloride, mp 233-235* , (4b). and 

5-Amino-7-p-[[(2-amino-1 -oxopro^ 
1,4<Khydro-4-oxo-3-qulnolinecarboxyllc add monohydrochloride, (4c). 

Example 5 



7-[3-[(2-Amino-1 -oxypropyl)amino1-1 -pyrrolidinyl]-1 -cyctopropyt-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridlne- 
3-carboxylic add monohydrochloride^ " ~" 



1 -Cyclopropyl-7-[3-g2-(1 (1 ,1-dlmethyfethoxy)carbonyl]amino]-1 -oxypropyqamlno]-1 -pyrrolidlnyl]-6-fluoro-1 ,4- 
dihydnh4-oxo»1 t 8'naphthyridine"3-carboxylic acid (mixture of Isomers) — — — 

A solution of 12 g (42 mmol) of 7-diloro-1-cyclopropy1-6-fluoro-1,^^ 
carboxyllc acid. 1.7 g (6.6 mmol) of [1-methyl-2-oxo-2-l(3-pyrrolidfo^^ add 1,1- 

dlmethylethyl ester, 1.4 g (13.5 mmol) of triethylamine and 70 ml of acetonitrile was heated at reflux for 
three hours and then stirred at room temperature for 18 hours. The solvent was removed in vacuo and the 
residue was partitioned between methylene chloride and water. The organic layer was separated, washed 
with water, dried (MgSO*) and evaporated in vacuo to give 2.0 g of the title compound. 

7-[3-[(2-Amino-1-oxopropyl)amlno}»1 -pyrrolldinylH<ydopropyl-6-fluoro-1 t 4-dlhydro-4-oxo-1 ,8-naphthyridine- 
3-carboxylic acid monohydrochloride (mixture of isomers), 

A suspension of 2.0 g (4.0 mmol) of l<ydopropyl-7H3-n2-a(l,1^ 
OKypropyOamln^^ (mixture of 

isomers) in a mixture of 25 ml of ethanol and 25 ml of 1 .0 M hydrochloric add was heated at reflux for two 
hours- The solution was filtered through a fiber glass pad to darify and the solvent was removed in vacuo . 
The residue was triturated with ethanol/ether (25 ml each) and the solid was removed by filtration. After 
washing with ethanol/ether (1:1), ether and drying In vacuo the yield of the title compound was 1.5 g, mp 
222-224* C. 

Using the sequence of reactions outlined in Example 5, the following compounds ere prepared: 

7-{3-{(2-Amino-1 -oxypropy !)amino>1 -pyrrolidinylj-t -cyclopropyl-6,8-difiuoro-1 ,4-dihydro-4-oxo-3- 
quinofinecarboxylic add monohydrochloride, (5a); 

743-t(2-Amino-1-oxopropyl)amino>1-pyrrolidinyll-1 -cyclopropyl-6-fluoro-1 ,4-dihydro-4-oxo-3- 
quinoOnecarboxylic add monohydrochloride, mp 218-221 * , (5b), and 

5-Amlno-7-[3K(2-amino-1-oxoprop^ 
3-quino!inecarboxyllc add monohydrochloride, mp 228-230* C, (5c). 
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Example 6 

Using various combinations of chiral amino acids and pyrrolidine side chain enantiomers, the following 
examples were prepared with the indicated stereochemistry using the previously described routes: 

7-[3-[(aminoacetyl)amtnoH -pyrrolidinyM -cyclopropyHMluoro-1 ,4-dihydro-4-oxo-3-quinolinecarboxy lie 
acid hydrochloride (6). mp 208-210* C. 

7^3-H(2-Amino-7cK^ 
oxo-1 3-naphthyridine-3-carboxylic acid hydrochloride (7), mp 270-272*0. 

[R<R*,S*H- and [S-(R\R^7-r>[(2-Amino-1^^ 
dihydro-4-oxo-1,8-fiaphthyritf acid hydrochloride (8). mp 198-200*0. 

tR-(R*,R*)> and [S-(R".S0]-7-l3-[(2-Amino-1 -oxopropy OaminoJ-1 -pyrrolidiny l>1 -cyclopropy 1-6,8-difiuoro- 
1>dih^ro-4-oxo-3-quinonne<^^ acid hydrochloride (0), mp 190-193* C. 

[R-(R*.S> and [S-(R\f^>7-I3-{(2-Amino-1 -oxopropy OaminoJ-1 -pyrrolidiny l]-1 -cyclopropy 1-6.8-drfluoro- 
1.4-dihydro-4-oxor3-quinolinecarboxyfic acid hydrochloride (10). mp 200-202*0. 

[R-(R*,R*)}- and [S-(Fr,S^7-[3-K2-Amin(>1-^ 
dihydrx>-4-oxo-1,8-naphthyridine-3-car^ acid hydrochloride (11). mp 268-270*0. 

7-[3^(Aminoacetyl)amino]-1-pyro^ 
quinolinecarboxylic acid hydrochloride (12). mp 273-274* C. 

5-Amino-7-l3-[[(aminoacety l)amino]methy ll-3-methy M -pyrrolidiny l]-l -cyclopr opy l-6.8-difluoro-1 .4- 
dihydro-4-oxo-3-quinonnecarboxylic acid hydrochloride (13), mp 271-273*0. 

7-[3-[[(2-Amino-1 -oxo-3-phenytpropy l)aminoJmethyl]-3-methyM -pyrrolidinylH -cyclopropyl-6*drfluoro- 
1.4-dihydro-4-oxo-3-quinolinecarboxyfic acid hydrochloride (14), mp 268-270*0. 

[S-(R\R0h7-[3-[(2-AmJno^ 
13-naphthyridine-3-carboxyfic add, hydrochloride (15), mp 210-213* C. 

[R-tR'.SOh and [S-(R*JV)>7-[3-[(2-Amh^ 
dihydro-4-oxr>3-quinofinecarboxylic acid hydrochloride (16), mp 218-220* C. 

7-[3-[[(Aminoacetyl)aminoJmethylh3-methyl-1 -pyrrolidinylh1-cyclopropyl-6-nuoro-1 .4-dihydro-4-oxo-3- 
quinoiinecarboxylic acid hydrochloride, mp 287*289* C. 

IR-(R # ,S*)]- and [S-^R^>5-Amino-7-^ 
pyrrolidinyl}-1 -cyclopropy J-8.8-difluoro-1 .4-dihydro-4^xo-3^uirK)linecarboxy Nc acid hydrochloride (17), mp 
223-225*0. 

7-[3-[[(Aminoacetyl)aminoJme% 
naphthyridine-3-carboxylic add hydrochloride (18), mp 297-300* C. 

[R-(R # ,RT)h and [S-(R\S^7-{3-[[(2-Amino-1 K>xo-3-phenylpropyl)amir«)]methylh3-methyl-1-pyrrolidinyl> 
1 -cyclopropy !-63-<Sfluoro-1,4-dihydro-4-oxo-3-quinoIinecart)oxy0c acid hydrochloride (18), mp 268-271 *C. 

IR-(R*,S*)}- and [S-(R\R0h7-{3-[[(2-Amino-1-o^^ -pyrroiidinylj- 
1-cyclopropyl-6-fluoro-1,4-dihydr^ acid hydrochloride (20), mp 195-198*0. 

[R-(R # ,S")h5-AmirM>7-{3-[(2-amino-1 -oxopropyOaminol-l -pyrrolidinyl]-1 -cyclopropyl-6,8-dif!uoro-1 .4- 
dihydrD-4-oxo-3-quinolinecarboxylic acid hydrochloride (21), mp 267-272*0. 

IS-(R* f R')h5-Amino-7-[3-I(2-amino-1 -oxopropyl)aminoH -pynrolidinylH -cyclopropy 1-6,8-drf Iuoro-1 .4- 
dihydro-4-oxo-3-quinonnecarboxylic add hydrochloride (22). mp 228-230*0. 

[R-(R'.R"H* and [S-(R\S0>7-[3-TI(2-^ 
1-cyclorxopyl-6-fiuoro-1,4-dihy^^ add hydrochloride (23), mp 190- 

195*0. 

[S-(R'.R0h and [R(R\S^>7-[3-tt(2-Amino-1-oxo^ 
cycIopropyJ-6-nuoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3K*rboxySc acid hydrochloride (24), mp 190- 
193*0. 

[R-[R",S0h and [S-^R^7-{3-{(2-Amino-l-^ 
fluoro-1.4-dihydro-4-oxo-1 I 8-naphtt^ add hydrochloride (25), mp 108-110*0. 

[R-fR'.S - )? and [S-(R\R0h7H3-[(2-Arruno^ 
difhjoro-1,4-dihydro-4-<>xo-3-quinonnecan^xyte acid hydrochloride (26), mp 217-219* C. 

[R^R'.R*)]- and [SKR%S^7-{3-fl{2-An*no-1^ 
cyctopropyl-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-r^hthyridine-3-carboxylic add hydrochloride (27). 

[RKR-.Rlh and [SKR\S^7-{3-a{2-AmirK>-1 -oxopropyl)amirK)]memyl]-3-methyl-1 -pyrroiidinyl]-1 - 
C7ctopropyl-6 l 8-dif!uoro-l.4-dihydr^^ add hydrochloride (28). 

[R-fFr.?)}- and [S-(R*.Fr)h7-{3-l[(2-Amlno-1 -oxopropyl)amino]methylh3-nrtethyl-1 -pyrrofldlny1}-1 - 
cyc!opropyl-6-fluoro-l.4-dihydro-4-ox^ add hydrochloride (29). 
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7-[:H(Amtnoacetyl)aminoh1^ 
carboxylic add hydrochloride (30), mp 158-160* C. 

[R-tR-.S'H- and [$-<R\R>1-Cyclopropyh7-[3-((2,6-dlamln^^ .4- 
dihydro-4-oxo-3^u!nolinecarboxylic acid hydrochloride (31), mp 180-192* C. 
5 [R-(R*.S*)h and [$^R^7-[3-{(2-Amino-1-oxo-3^ 

ftucro-1 ,4-dihydro-4^xo-3^uinoflnecarboxy[lc add hydrochloride (32), mp 1 97-200 "C. 

[R-(R*,S*)> and [S-^R^H^clopropyl-7-[3-{<2^ % 
1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-cartX)xylic acid dihydrochloride (33). mp 125-130* C. 

5-Amino-743-[(aminoacetyl)amino>1-^^ 
io quinolinecarboxyGc add hydrochloride (34). 



Claims 

r6 1 . A compound of the formula I 



20 




25 

wherein X is N t CH, CF, CCI. CCF 3 , COR 2l or CNRzRa; 

Yis H, F, NH 2 ,or OR 2 ; 

Zis 



40 



45 




R is H, aikyl of 1-6 carbon atoms or a cation; 
Ri is aikyl of 1-6 carbon atoms, haloalkyl in which 
so aikyl has 1-4 carbon atoms, vinyl, cycloalkyl of 3-6 carbon atoms, aryl or aryl substituted by halogen, 
hydroxy, amino or aikyl of 1-4 carbon atoms; 
R 2 and R» are each independently hydrogen or aikyl 
of 1-4 carbon stoms; 

R* is -(CR2R3) rt -NR2Rs in which n Is 0, 1, or 2; 
55 Rs is 
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In which Rc is hydrogen, alky! of 1-10 carbon atoms, alkyl of 1-10 carbon atoms substituted by OR 2 , 
NRaRa. COaH, CO2H. CO2R2. CONRaRa, 

NH 

I2R3/ SR a , S S - CH 2 CH-CO2 H , 



NH 2 



•CN, aryl or ary! substituted by halogen, hydroxy, amino, or alky I of 1-4 carbon atoms, or phenyl, p- 
hydroxyphenyl. or taken with the nitrogen atom of the a-amino group is trimethylene or hydroxy substituted 
trimethylene; an optically active isomer thereof, or a pharmaceutically acceptable acid addition salt thereof. 

2. A compound according to claim 1, in which Re is hydrogen, alkyl of 1-10 carbon atoms or alkyl of 1- 
10 carbon atoms substituted by OR2. NRaRa. C0 2 H. C0 2 Ra. CONR 2 Ra, 



-IlIR 



2R3, SR 2 , SS-CH 2 CH-C0 2 H, 



-CN, phenyl, phenyl substituted by halogen, hydroxy, amino or alkyl of 1-4 carbon atoms, 3-indolyl or a 5- 
or 6-membered heterocyclic ring containing at least one nitrogen, oxygen, or sulfur atom, or phenyl, p- 
hydroxyphenyl. or taken with the nitrogen atom of the amino group is trimethylene or hydroxy substituted ' 
trimethylene. 

3. A compound according to claims 1 to 2. in which Rc is hydrogen, alkyl of 1-4 carbon atoms or alkyl 
of 1-4 carbon atoms substituted by OH, NH 2t CO2H. CONH 2 . 



NH 

-NH 2 , SR 2/ -SS-CH 2 CH-C0 2 H, 

NH 2 



i 



phenyl, p-hydroxyphenyl, 3-indolyl, 4-imidazolyl, or phenyl, p-hydroxyphenyl, or taken with the nitrogen of 
the o-amfno group is trimethylene or hydroxy substituted trimethylene. 

4. A compound according to claims 1 to 3. wherein Ri is alkyl of 1-3 carbon atoms, 2-fluoroethyl, vinyl, 
cyciopropyl, phenyl, phenyl substituted by halogen, hydroxy, amino or alkyl of 1-4 carbon atoms, or a 5- or 
6-membered heteroaromatic ring containing at least one nitrogen, oxygen, or sulfur atom. 

5. A compound according to claim 1, wherein X is N. CH, CF, CCI, or CCF 3 , 
Y is H or NH 2 . 

R1 is ethyl, 2-fluoroethyl, vinyl, or cyciopropyl 
and Z is 
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4 

N 4 

6. A compound according to claim 1, wherein Z is 




and Ri is cyclopropyi 

7. A compound according to claim 1 and being a member of the group consisting of 7-[3-(2-amino-1- 
oxopropy i)aminoh1 -pyrroiidinyll-1 -cyclopropyl-6-f!uoro-1 ,4-dihydro-4-oxo-1 ,8-naphthy ridine-3-carboxy lie acid 
or the [&KR",R*)J or the [S^Fr.S*) isomer thereof. 

7-{3-[(aminoacety l)amino>1 -pyrrolldlnyl]-1 -cyclopropyl-6-fluoro-1 ,4-dihydro-4-oxo-1 .8-naphthyridine-3- 

carboxy lie acid or an optical Isomer thereof* 

7[-34(2-amlno-1-oxo-3-phenylpropyl)^ 

naphthyrldlne-3-carboxyflc acid 

or the [$-<R # ,S")] or the [S^rT.rT)] isomer thereof, 

7-{3-t(2,5-dlamlrto-1 t 5-dioxoperttyl)aminoh1 -pyrrolidiny!]-1 -cyciopropyl-6-f luoro-1 ,4-dihydro-4-oxo-1 ,8- 
naphthyridine-3-carboxylic add or an optical isomer thereof, 

7-{3-[(2-amino-4-carboxy-1 -oxobutyl)aminoJ-1-pyrrolidinyl]-1 -cyclopropyl-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8- 
naphthyridlne-3-carboxylic acid or an optical isomer thereof, 
7-[3^(2,6-diaminr>1-oxohexyi)aminoH^ 
naphthyridine-3-carboxylic acid or an optical isomer thereof. 

7-[3-H(2-amino-1 -oxo-3-phenylpropyl)amino]methy l]-3-methy 1-1 -py rrolidirry f>1 -cyclopropyl-6-fluoro-1 ,4r 
dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid or an optical isomer thereof. 
7-[3-[[(2-amlno-1 Kwopropyl)ainirw^ 

1 f 8-naphthyrldine-3-carboxyHc add or an optical isomer thereof, 

7-[3-t[(amlnoa<»tyf)amino^^ ,4<lihydro-4-oxo-1 ,8- 

naphthyridine-3-carboxyllc acid or an optical isomer thereof, 

7H3^(amlnophenylacetyl}amlno]m^ 

1,8Hfiaphthyridlne-3-carboxylic acid or an optical isomer thereof, 
7-[3^(2-amino-4-carboxy-1^obu^^ 

dihydro-4-oxcH.8-naphth^ acid or an optical isomer thereof, 

7-[34I(2,8-<fiamino-1 -oxohexy0amino>nethylj^ethyl-1-pyrro!idinyll-1 -cyclopropy l-6-fluoro-1 ,4-dihydro-4- 
o)co-1,8Hrwphthyridine-3-carbQxyHc add or an optical isomer thereof, 

7-t3-d2.5-diamino-1 5-dioxopentyl)amino]methylh3-methy 1-1 -pyrrondinyn-1-cydopropyl-6-fluorr>1.4-dihydro- 

4-oxo-l ,8-naphthyridine-3Karboxy lie add or an optical isomer thereof, 

7-{3-l(2-arnlno-1-oxopropyl)amto^ 

quinolinecarboxyfic add 

or the [SK^.R')] isomer thereof. 

7-I3-t(aminophenylacetyl)amino>1 -pyrroiidinyll- t-cyc!opropyl-8-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridlne-3- 
carboxylic acid or an optical isomer thereof, 

8. A pharmaceutical composition comprising an antibacterially effective amount of a compound 
according to claims 1 to 7 together with a carrier or excipient 
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9. Use of a compound according to claims 1 to 7 for the preparation of a pharmaceutical for the 
treatment of bacterial Infections. 

10. A process for the preparation of a compound according to claims 1 to 7 which comprises reacting a 
compound of the formula II 



to 




II, 



75 in which Z is 



20 



4- .<k,., . 

4 

-Gr -5™ -CD" 

9 9 >— * 9 f 



R 3 



. -OX! « ^*- a . 



35 



and Ri is -(CR 2 R3)n-NR2H. with a compound of the formula 

HOC-CH-R 6 

0 NHPro 



or an activated acid derivative thereof in which Pro represents a protecting group, in the presence of an 
activated acid, and removing the protecting group by add hydrolysis or catalytic hydrogenation, and, if 
45 desired, converting by known means the resulting product to a pharmaceutical^ acceptable base or acid 
addition salt thereof. 

11. A process according to claim 10, wherein Pro is t-butoxycarbonyl or benzyloxycarbonyl. 

12. A process for the preparation of a compound of the formula I 



50 Y 0 

(I) 



55 * | 

R. 
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according to Claims 1 to 7 in which Z is 



10 



15 



20 



25 



40 



R, R 3 



M N-Re 



-S N - R 5 -»S H -»5 -©-5 -(0- 

9 9 9 \^*S 



which comprises reacting a compound of the formula HI 

X Q 




(III) , 



in which L is a leaving group, with an amine of the formula ZH, in which the oramino group in Rs is 
protected, and removing the protecting group by acid hydrolysis or catalytic hydrogenatlon, and, if desired.^ 
30 converting the resulting compound to a pharmaceutical ly acceptable base or acid addition salt thereof by 
known means. 

13. A process for the preparation of a compound according to claim 1 which comprises removing a 
protective group from the a-amino group, Rs, by add hydrolysis or catalytic hydrogenation, and if desired, 
converting the resulting free acid to a pharmaceutlcany acceptable base salt or to a pharmaceutical^ 

35 acceptable acid addrtiton salt by known means. 

14. A process according to claims 10 to 13 wherein the protective group is t-butoxycarbonyJ and said 
group is removed by acid hydrolysis in aqueous hydrochloric acid. 

15. A process according to claim 10 to 13 wherein the protective group Is benzyloxycarbonyl and said 
group is removed by catalytic hydrogenation using palladium on carbon as catalyst 



Claims for the following contracting States: ES. GR 

1. A process for the preparation of a compound according to the formula I 

X Q 

(i), 



50 



R, 



wherein X Is N. CH, CF, CO, CCF 3 , COR2. or CNRaRs; 
YlsH.F.NHa,orOR2; 

Zl3 
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20 



25 



30 



50 



55 



R is H, alky I of 1-6 carbon atoms or a cation; 
Ri is alkyl of 1-6 carbon atoms, haloalkyl fn which 

alkyi has 1-4 carbon atoms, vinyl, cycioalkyi of 3-6 carbon atoms, aryl or aryl substituted by halogen, 

hydroxy, amino or alkyl of 1-4 carbon atoms; 

R2 and R3 are each independently hydrogen or alkyl 

of 1-4 carbon atoms; 

R* is -(CR2R3)n-NR2Rs in which n is 0, 1, or 2; 

Rs is . 



-re- 



Re 

NH 2 

in which FW is hydrogen, alkyl of 1-10 carbon atoms, alkyl of 1-10 carbon atoms substituted by OR?. 
NR2R3. C0 2 H, C0 2 Ra. CONR 2 R 3 . 



-CNR2R3 , SR 2/ SS-CH 2 JH-C02H f 



NB 2 

-CN. aryl or aryl substituted by halogen, hydroxy, amino, or alkyl of 1-4 carbon atoms, or phenyl, p- 
hydroxyphenyl, or taken with the nitrogen atom of the a-amino group is trimethylene or hydroxy substituted 
trimethylene; an optically active isomer thereof, or a pharmaceutical^ acceptable acid addition salt thereof 
which comprises reacting a compound of the formula II 



II , 




in which Z is 
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20 and R/ is -(CRaRaJn-NRaH, with a compound of the formula 

HOC-CH-R$ 
0 NHPro 



or an activated add derivative thereof in which Pro represents a protecting group, in the presence of an 
activated acid, and removing the protecting group by add hydrolysis or catalytic hydrogenation. and, if 
desired, converting by known means the resulting product to a pharmaceutical^ acceptable base or acid 
addition salt thereof. 

30 2. A process according to claim 1 . wherein Pro is t-butoxycarbonyl or benzyloxycarbony L 
3. A process for the preparation of a compound of the formula I 



35 
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which comprises reacting a compound of the formula lit 



5 




70 

in which L is a leaving group, with an amine of the formula ZH. in which the a-amino group in Rs is 
protected, and removing the protecting group by acid hydrolysis or catalytic hydrogenation, and, if desired, 
converting the resulting compound to a pharmaceuticaJly acceptable base or add addition salt thereof by 
known means. 

'5 4. A process for the preparation of a compound according to claim 1 which comprises removing a 
protective group from the or amino group, Rs, by acid hydrolysis or catalytic hydrogenation, and if desired, 
converting the resulting free acid to a pharmaceuticaily acceptable base salt or to a pharmaceuticaJly 
acceptable acid addititon salt by known means. 

5. A process according to claims 1 to 4 wherein the protective group is t-butoxycarbonyl and said group 
20 is removed by acid hydrolysis in aqueous hydrochloric acid. 

6. A process according to claim 1 to 4 wherein the protective group is benzyioxycarbonyl and said 
group is removed by catalytic hydrogenation using palladium on carbon as catalyst 

7. A process according to daim 1 for the preparation of a compound of formula I, wherein Rc is 
hydrogen, alky! of 1-10 carbon atoms or alkyl of WO carbon atoms substituted by OR2, NR2Ra. CO2H, 

2S CO2R2, CONRsRi. 



30 




-CN, phenyl, phenyl substituted by halogen, hydroxy, amino or alkyl of 1*4 carbon atoms, 3-Jndolyl or a 5- 
or 6-membered heterocyclic ring containing at least one nitrogen, oxygen, or sulfur atom, or phenyl, p- 
35 hydroxyphenyi, or taken with the nitrogen atom of the amino group is trlmethytene or hydroxy substituted 
trimethylene. 

8. A process according to claim 1 or 7 tor the preparation of a compound of formula I, wherein R« is 
hydrogen, alkyl of 1-4 carbon atoms or alkyl of 1-4 carbon atoms substituted by OH, NH 2 , CO2H, CONH 2 . 



-NH 2 , SR 2 / -SS-CH 2 CH~C0 2 H, 



phenyl. 

p^hydroxyphenyl, 3-indolyl. 4-imidazolyl, or phenyl, p-hydroxyphenyl, or taken with the nitrogen of the a* 
amino group is trimethylene or hydroxy substituted trimethylene. 

9. A process according to claim 1 for the preparation of a compound of formula I, wherein Ri is alkyl of 
1-3 carbon atoms, 2-fIuoroethyl. vinyl, cyclopropyl. phenyl, phenyl substituted by halogen, hydroxy, amino 
or alkyl of 1-4 carbon atoms, or a 5- or 6-membered heteroaromatic ring containing at least one nitrogen, 
oxygen, or sulfur atom. 

10. A process for the preparation of a compound of formula I according to claim 1. wherein X is N. CH, 
CF. CCI. or CCF3, 

Y is H or NH 2 , 

Ri is ethyl, 2-fluoroethyi. vinyl, or cyclopropyl and 2 is 
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1 1 . A process for tho preparation of a compound of formula I according to claim 1 . wherein Z Is 



Ri is cyctopropyl. 

12. Process according to claim 1 for the preparation of a compound according of formula I being a 
member of the group consisting of 7-t3-(2-amino-1*xopropy^ 
1 t 4Kllhydro^xo-1 t 8Hiaphthyridine*3<arboxylic acid 

or the [S-{R # ,R*)] or the [S-(R\S*) isomer thereof. 

7^(amir»acety0amIr»H^ ,4-dihydro-4-oxo-1 .S-naphthyridine-3- 

carboxyllc acid or an optical isomer thereof, 

7[^C2-amIrKH^xo^henyipropyl)amto^^ ,4d!hydro-4-oxo-1 ,8- 

naphthyridine-3-carboxyHc acid 

or the [SKR'.S*)] or the [S-(Fr,R-)] isomer thereof, 

7^3-[(2^iamino-1,5-dioxoperrty^^ 

naphthyridine-3-carboxyRc acid or an optical isomer thereof, 

7^3-[(2-amino-4K;arbc^-1-oxob^ ,4-dihydro-4-oxo-1 .8- 

naphthyridine-3-carboxyfic acid or an optical isomer thereof, 

7-t3H(2.6-diamlr»-1-oxohexyl)amto^ ,4-dihydro-4-oxo-1 ,8- 

naphthyridine-3-cartx)xylic acid or an optical isomer thereof, 
7^3-[<aminophenylacety!)aminoH^^ 
carboxyllc acid or an optical Isomer thereof, 

7-[3-[I(2-amino-t ^xo-3-phenyipropyl)amirw]methyi>3-me(thyM -pyrrolIdinyl>1 -cyclopropyl-6-fluoro-l ,4- 
dhydro^xo-1 ( 8-naphthyrWine-3-carboxyiic add or an optical Isomer thereof, 
7H3Ht(2-amirKHK>xopropyl)amto^ 

1 f 8-naphthyridine-3-carboxylic acid or an optical Isomer thereof 

7H^{aminoacetyl)amir^ <ydopropy!-6-fIuoro-1 ,4-dihydro-4-oxo-1 .8- 

ns^thyridine-3-(^rboxylic acid or an optical isomer thereof, 

743^(amlnophenylacetyl)amto^ 

13-naphthyridine-3-carboxylic add or an optical isomer thereof, 
743^(2^ino-4-carboxy-lK>xobrt 

dihydro-4-oxo-13-naphthyridine-3-carboxyiic add or an optical isomer thereof, 

7-[3-{[(2,6-diamino-1 -oxohexy !)amlno)methyi}-3-methyl-1 -pyrrolidInyf]-1 -cydopropy»-6-fluoro-1 ,4-dihydro-4- 

<^1 l 8-naphthyridine-3-carboxylic add or an optical isomer thereof, 

7-[3-H2,5<namirKH,5<^^ 

4-0x0-1 ,8-naphthyridine-3-carboxylic add or an optical isomer thereof, 

7-[3-l(2-amino-1 -oxopropyl)aminoh1 -pyrrofidiny]-1 -cyclopropyl-6.8-dlfluoro-1 ,4-dIhydro-4-oxo-3- 

quinoiinecarboxyfic acid 

or the [S-tR'.RTC Isomer thereof. 

13. Use of compound prepared according to claims 1 to 12 for the preparation of a pharmaceutical for 
the treatment of bacterial infections. 
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group X s . and X 3 is a direct bond or a divalent radical selected from -NH-C(=OHCH2)(,*0«. -CH 2 -CH 2 -0-. 
-NH-Q-Oh -NH-S(»Oh*. -R'-NtFPKt-OK and -R 7 -N(R»)-S( ■ Oh-, in which R', R 23 and b are as 
previously defined, and optional substituents for the aromatic nuclei include one or more groups selected 
from hydroxyl. alkyl of 1-8 carbons, and alkoxy of 1-4 cartoons. 

6. The process of claim 1 for preparing a composition in which G in (d) is 

C HO 

// \ ! 
C C— N C 

R lt H-A I I / \ 
C C N-C_C 

\\ / W l®+-R" 
C N C C 

\ / 

c 



where R" may be hydrogen, alkyl of 1-4 carbons, alkoxy of 1-4 carbons, carboxyl. alkoxycarbonyl of 2-11 
carbons, carboxamide. chlorine, bromine, sulfonic acid, alkylsuifonyi. or the connecting group X*. R" may 
be hydrogen, alkyl of 1-8 carbons including t-alkyl groups of 4*8 carbons, aralkyl groups of 7-12 carbons, 
aryl groups of 6-14 carbons or the connecting group X s . X* is a divalent radical selected from -NH-C( »OK 
-NH-S(«0) 2 -. -R r -N(R»)-8(»0)2-. and -R 7 -N(R»)-C(«0)- wherein R 7 and R a are as previously defined. 
X s is a direct bond or a divalent radical selected from -NH-C( ■ 0)-(CH2)b-C( ■ OhN(R a )-(CHj)y-, -NH-C- 
(■OHCt^Jb-NfRaHC^),-. -fChfey. -NH-C(«0)-(CHah-. -NH-CCOMCHjh-S-CHz-CCOhNtR^htCHsV. 
-NH-C<»0HCH2h)-O-. -NH-C(»Oh and -CHj-CH^-O- in which R 23 , y. z, and b are as previously defined, 
and optional substituents for rings A and B include one or more groups selected from alkyl of 1-8 carbons 
including t-alkyl of 4-8 carbons, alkoxy of 1-8 carbons, chlorine and bromine, and when R ,J Is X s . R" 
cannot be X*. 

7. The process of daim 1 for preparing a composition in which G in (e) Is 

C-C 

C (J C-NH-R 13 
/C-C 

/ 



where R' 3 may be aryl of 6-14 carbons, alkyl of 1-12 carbons or cycloalkyl of 5-12 carbons. X* is a direct 
bond or a divalent radical selected from -NH-Ci-OMCHifc-Cf-OJ-NH-and -NH-C{«OKCHi)b-NH- where b 
is as previously defined. 

8. The process of daim 1 for preparing a composition in which G in (0 is 

C c 
» IO- rS «- vr!l JIO+-R 5 

-x 7 -c c w c « -x'-c c c 

H U 

wherein R 5 is as previously defined . X 7 is a divalent radical selected from -N(R)-C< »OWCH 2 )rZ-. -N(RH> 
(*OHCH 2 )b-C(=0)-NH% -N(R)-C{ = OMCHj^NH-. and -N(RK( - 0)-NH-, R is hydrogen, primary alkyl of 
1-8 carbons or secondary alky, of 3-8 carbons, aralkyl of 7-12 carbons or cycloalkyl of 5-12 carbons, b is 0. 
1 or 2 and z is 1 or 2 and 2 is as previously defined, and the aromatic nucleus is optionally substituted with 
one or more groups selected from hydroxy, aikyl of 1-8 carbons, and alkoxy of 1-8 carbons. 

9. The process of claim 1 for preparing a composition in which Q in (h) is 
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H6 C 
\ / \ 

<: c 

-X J -C c 

II 

0 

where X? is as previously defined and the aromatic nucleus is optionally substituted with one or more 
groups selected from hydroxy, alkyl of 1-8 carbons and aJkoxy of 1*8 caibons. 

10. The process of claim 1 for preparing a composition In which Q In (g) is 

C OH 
/ \ / 

c_ c 

. x t— +Ql 
c c 

\ / \ 

C C-O-R 14 

II 
0 

where R'» is aryl of 6-10 carbons, optionally substituted with one or more groups selected from alkyl of 1-8 
carbons including t-alkyl of 4-8 carbons, alkoxy of 1-8 carbons, chlorine and bromine, and X 7 is as 
previously defined. 

1 1 . The process of claim 1 for preparing a composition in which G In (I) is 

0 0 C R l « 

II II / \ / 
-X*-NH-C-C-NH-C C 

A 
1« 



wherein R 15 , R 16 . R 17 . R u and R ,s are independently selected from hydrogen, hydroxy!, alkoxy or alkylthlo 
of 1-12 carbons, acyloxy or acylthio of 2-12 carbons, alkyl of 1-8 carbons, aryl of 6-12 carbons, chlorine, 
bromine, aralkyl of 7-13 carbons, alkaryl of 7-13 carbons and aJkoxycarbonyl of 2-8 carbons, X 8 Is a direct 
bond, alkyiene of 2-12 carbons, arylene of 6-12 carbons, aralkylene f>f 7-13 carbons, or alkenylene of 2-13 
carbons. 

12. The process of claim 3 for preparing a composition In which at least one of the groups attached to 
the polymer is G in (b) In which R s is hydrogen or methyl, R* is selected from hydrogen, methyl, acetyl, 
benzoyl. 2-hydroxyethyl and benzyl, and X* Is a direct bond. -NfR^J-Ct-OJ-R^-Z (CH 2 } b -. -N(R*>)-C(=0>- 
rzlc( 3 0)-z'-. -(CHaV. or -R 7 -N(R»h z' Is selected from -N(R»>- and -O-. and R 7 Is alkyiene of 2-10 
carbons, R 21 is alkyiene of 1-2 carbons. R 22 is selected from a direct bond and alkyiene of 1-4 carbons, BP 
is selected from hydrogen, alkyl- of 1-4 carbons, and Z2,8,6-tetrametby»-4-pleperidlnyl. and R 20 , y and b are 
as previously defined. 

13. The process of claim 12 for preparing a composition in which one of the other groups attached to 
the polymer is selected from G in (d) In which R" Is hydrogen or chlorine, R 12 is X s , X s is selected from - 
(CHj^-. -NH-C<«0HCH2)b-O-. -CHa-CHa-O-. -NH-C( = OHCH2),-S-CH2-C(=:0)-NH-(CH 2 ) y -, -NH-C(=0)- 
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(CH 2 ) b -C(»0)-NH-(CH2y y , and -NH-Cf^OMCH^-, y is 1 or 2. b is 0. 1 or 2. and z Is 1 or 2. 
G in (c) in which R a is selected from hydrogen, hydroxy! and aJkoxy of 1 to 4 carbons. FV° is the 
connecting group X 3 . X 3 is -NH-C(»OHCH2h>-0- or «CH2-CHa-0, and b is 1 or 2. 
G in (a) in which the hydroxy group is in the 4 position, R 3 and R* are independently selected from t-butyl 
5 and t-amyl groups, and at least one of the t-aikyl groups is ortho to the hydroxy group. X 1 Is selected from 
-NH-C( = OHCH 2 ) b ^(»0)-NH-. 4WC(»OHCHa)b-. ^H-C(*OMCH 2 )5-S-CH 2 - and -NH-C(»OHCH 2 ) b -Z-. 
b is 1 or 2, and Z is as previously defined. 

G in (g) in which R 14 is substituted or unsubstituted aryl of 6 to 8 carbons. X 7 is -NH-C(*OHCH 2 ) b -C<*0)- 
NH-. and b is 0. 1 or Z and 

to G in (I) wherein R ,s . R 15 , R 17 . R 1 * and R 1S are independently selected from hydrogen, hydroxyl alkyl of 1-4 
carbons and aikoxy of 1 to 4 carbons, and X s Is a direct bond. 

14. The process of claim 2 for preparing a composition in which at least one of the groups attached to 
the polymer is G in (a) in which the hydroxy group is in the 4 position. R 3 and R 4 are independently 
selected from t-butyl and t-amyl groups, and at least one of the t-aikyl groups is ortho to the hydroxy group. 

ts X 1 is selected from -NH-C(=OMCH2)b^(«0)-NH-. -NH-C{«OMCH2) b -, -NH^aOHCHaVS-CHj- and 
-NH-C( » OHCH 2 )b-Z-. b is 1 or 2. and Z is as previously defined. 

15. The process of claim 14 for preparing a composition In which one of the other groups attached to 
the polymer is selected from G in (j) in which R 1 is an alkyl of 6 to 18 carbons, benzyl, or 
dimethylaminoelhyi, X 2 is -NH- or -R^NfR 23 )-, R 7 is alkylene of 2 to 6 carbons and R 23 is hydrogen. 

20 Q in (c) in which R 8 is selected from hydrogen, hydroxyl, and aikoxy of 1 to 4 carbons. R 10 is the 
connecting group X 3 , X 3 is -NH-C( = OMCH 2 )b-0- or -CH 2 -CH2-0. and b is 1 or 2, 
G in (d) in which R" is hydrogen or chlorine. R 12 is X 5 . X 5 is selected from -{CH^-. -NH-C(»OHCH 2 ) b -0-, 
-CHa-CrVO. -NH-Ct'OHCHa^S-CHa-Ct-O-NH-iCHaV. -NH-Ct-OHCHaJb-CC-OhNH-tCHaJy. and - 
NH-C( = OMCH 2 ) 2 -. y is 1 or 2. b is 0. 1 or 2. and z is 1 or 2. and 

25 G in (e) in which R 13 is aryl of 6 to 10 carbons or alkyl of 1 to 12 carbons. X* is a direct bond or -NH-C- 
(=OHCH 2 )„-C( = 0)-NH.. and b is 0. 1 or 2. 

16. The process of claim 5 for preparing a composition in which at least one of the groups attached to 
the polymer is G in (c) in which R* is selected from hydrogen, hydroxyl and aikoxy of 1 to 4 carbons, R'° is 
the connecting group X 3 , X 3 is -NH-C( » OMCH 2 )b-0- or -CHa-CH 2 -0-. and b Is 1 or 2. 

• oo 17. The process of claim 16 for preparing a composition in which one of the other groups attached to 
the polymer is selected from G in (h) in which X 2 is -NH- or -Ofe-CHa-O-, and 
G in (f) in which X? is -NH-C< * OMCH^Z- where Z is -S- or -NH- and z is 1 or 2. 

18. The process of claim 1 wherein the attachment is carried out in the absence of solvent either by 
blending the stabilizers and polymer simultaneously or by adding the stabilizers sequentially or as a mixture 

35 to molten polymer, and reacting for 30 seconds to 8 hours.. 

19. The process of claim 18 wherein the attachment is carried out in a melt blending apparatus selected 
from an extruder, a kneader. a roll mill, a Banbury mixer or a plastograph at temperatures of 150-300* C for 
30 seconds to 1 hour . 

20. The process of claim 19 where the anhydride containing polymer or copolymer is reacted at a 
40 temperature of 175-260* C. in the presence of an inert polymer, with reactive sterilizers of groups (b) and 

(c). for 2-20 minutes. 

21. The process of claim 20 where the anhydride containing polymer or copolymer is reacted, under a 
nitrogen atmosphere, at about 200* C. in the presence of a rubber modified polystyrene, with 2-<4-benzoyl- 
3-hydroxyphenoxy)acetyl hydrazfde in the amount of about 50 equivalent % based on available anhydride 

45 and 4-aminch2^6^tetramethylpiperidine in the amount of about 50 equivalent % based on available 
anhydride, for about 5-15 minutes. 

22. The process of claim 1 wherein the attachment is carried out in an Inert solvent and at a 
temperature from about 25* C to the boiling point of said solvent and for 15 minutes to 40 hours, wfth 
optional removal of water as it is formed. 

so 23. The process of claim 22 wherein the inert solvent is selected from aromatic hydrocarbons, 
chlorinated aromatic hydrocarbons, dimethylformamide. tetrahydrofuran or blends thereof, and the reaction 
time is 15 minutes to 8 hours. 

24. The process of claim 23 where the anhydride containing polymer or copolymer is reacted in an 
aromatic hydrocarbon solvent at 100-170* C. with reactive stabilizers of groups (a) and (b). for 15 minutes 

55 to 4 hours. 
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25. The process of claim 24 where me anhydride containing polymer or copolymer is reacted, in a 
solvent selected from xylene, toluene or mesitylene at reflux, with 3-<3.5-di-t-butyl-4-hydroxyphenyl>- 
propionhydrazide in the amount of 10.2 equivalent % based on available anhydride and N-<2.2.6.6- 
tetramethyh4-piperidinyl)-N'-aminooxamide in the amount of 0.6 equivalent % based on available anhydride. 

6 for 1-3 hours, with azeotropic removal of water as it is formed. 

26. The process for preparing the polymer or copolymer prepared by the process of claim 1 by 
• copolymerization of ethylenic or vinyl aromatic monomers with N-substituted imldes (or N-substituted amic 

acids) of cycOc alpha,beta-unsaturated dlcarboxyllc acid anhydrides where the N-substituents contain 
stabilizing groups G in (a) - © and optionally other additives to form a polymer or copolymer prepared by 
io the process of claim 1 which may be modified In a manner known per se to other products prepared by the 
process of claim 1. 

27. The process for preparing the polymer or copolymer prepared by the process of claim 1 by graft 
modifying a polymer or copolymer backbone with maleimides of formula 




wherein R 1 , R 2 and - N- 

are previously defined, to form a polymer or copolymer prepared by the process of claim 1 which may be 
modified in a manner known per se to other products prepared by the process of claim 1. 

28. A polymer composition comprising a synthetic polymer which is subject to thermal, oxidative, or 
actinic light degradation and an effective amount of a composition prepared by the processes of one of 
claims 1 to 27 for stabilization. 

29. The composition of claim 28 wherein the synthetic polymer or copolymer is selected from 
polyoleflns, acrylic polymers, styrenics. rubber modified styrenlcs. polyphenylene ethers, polycarbonates, 
polyamides or mixtures thereof. 

30. Use of compositions prepared by the processes of one of claims 1 to 27 for stabilizing polymers 

and copolymers. 
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